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ABSTRACT 
According to the survey  of brain tumor society in USA, 
many  people  will  be  diagnosed  with  a  primary  brain 
tumor in the coming few years. All the tumors are not 
cancerous,  only  some  of  these  tumors  result  into Brain 
cancer. It affects the soft tissue portion of the brain. Brain 
tumor segmentation is one of the major steps for cancer 
detection. In this project work, MRI images are taken as 
input and they are processed using the modified random 
walk method. This method considers the input image as a 
graph i.e. combination of nodes and edges.  
General Terms 
Medical Information System and Image Processing. 
Keywords 
MRI, Tumor, Image Segmentation, Random Walk. 
1.  INTRODUCTION 
Brain is an essential organ of a human body. Though it can be 
divided into many parts, but mainly it consists of following 
four  parts-Gray  matter  (GM),  white  matter  (WM), 
cerebrospinal fluid (CSF) and  background. Thus, any input 
brain image is divided into these four classes [2]. In human 
body, cells have the property to multiply them and due to this 
property overall operation of the brain is in controlled manner. 
But if multiplicity of the cells gets out of control then cells 
growth becomes abnormal. This abnormal growth of cells in 
the brain is known as brain tumor. Any brain tumor is not 
inherently dangerous for life. Brain tumors can be cancerous 
(malignant)  or  non-cancerous  (benign).  However,  brain 
tumors (malignant ones) are invariably critical. Its threat level 
depends on the combination of factors like the type of tumor, 
its location, its size and its state of development. Because the 
brain is well protected by the skull, the early detection of a 
brain tumor occurs only when diagnostic tools are properly 
directed to the intracranial cavity. Usually detection occurs in 
advanced stages when the presence of the tumor has caused 
unexplained symptoms. According to cell’s growth, tumors 
can be divided into two parts:  
Benign tumors: Benign tumors are not spreading by nature; 
they only affect the surrounding tissues of the initial seeded 
position of it. But they don’t have the nature to grow up to 
other parts of the body. Due to this benign nature these are 
referred  to as  benign.  Benign  tumors  usually grow slowly. 
They can usually be removed and in most cases they never 
come back. But if a benign tumor is big enough, the size and 
weight can press on nearby organs, blood vessels, and nerves 
and  thus  cause  problems.  The  symptoms of  benign tumors 
involve  Bleeding,  Pressure  causing  pain,  Itching, 
Compression of blood vessels etc. Examples of benign tumors 
are moles and uterine fibroids. 
Malignant tumors: These tumors have the property that it is 
comprises of cancerous cells and these cells can be grown 
from one part to another by affecting the neighboring cells. 
They can enter into the bloodstream or lymphatic system to 
form secondary  tumors  in  another part of the  body.  These 
tumors  are  of  invading  nature  and  therefore  is  very  life 
threatening  and  it  needs  early  treatments.  Symptoms  of 
malignant  tumors  are  headaches,  seizures,  mental  changes, 
mass changes etc. 
 
 
Figure 1. MRI with Brain Tumor 
Brain cancer begins at the microscopic cellular level, the first 
signs of a malignant (actively cancerous) growth are nearly 
impossible to detect without special tests and training. As the 
tumor becomes more organized, new blood vessels may form 
to  feed  it  directly  or  older  vessels  may  be  diverted. 
Meanwhile,  the  host  body  may  only  experience  a  few 
symptoms  which  resemble  many  other  conditions  besides 
cancer. Brain cancer detection is a multi-staged process. In 
order  to  reduce  erroneous  results  due  to  misclassification, 
skull  removal  is  the  primary  step  in  the  process  of  brain 
cancer detection. This leads to the removal of nonbrain tissues 
and only soft brain tissues are left. This is followed by tumor 
segmentation and then application of random walk method. 
MRI  stands  for  Magnetic  Resonance  Imaging.  MRI  is  a 
medical  imaging  technique  used  in  radiology  to  visualize 
detailed internal structures. MRI makes use of the property of 
nuclear magnetic resonance (NMR) to image nuclei of atoms 
inside the body. 
An MRI machine uses a powerful magnetic field to align the 
magnetization of some atomic nuclei in the body, and radio 
frequency fields to systematically alter the alignment of this 
magnetization. This causes the nuclei to produce a rotating 
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magnetic  field  detectable  by  the  scanner—and  this 
information is recorded to construct an image of the scanned 
area  of  the  body.  Magnetic  field  gradients  cause  nuclei  at 
different  locations  to  rotate  at  different  speeds.  By  using 
gradients in different directions 2D images or 3D volumes can 
be obtained in any arbitrary orientation. 
MRI provides good contrast between the different soft tissues 
of the body, which makes it especially useful in imaging the 
brain, muscles, the heart, and cancers compared with other 
medical  imaging  techniques  such  as  computed tomography 
(CT) or X-rays. Unlike CT scans or traditional X-rays, MRI 
does not use ionizing radiation. 
2.  METHODOLOGY 
This work can be divided into three stages.  The first stage 
involves processing of brain images. The texture evaluation of 
brain  MRI  is  performed  in  the  second  stage  and  finally 
random  walk  method  is  applied  for  the  task  of  image 
segmentation. 
2.1 Skull Removal 
In this stage acquired MRI is taken into consideration. Outer 
part of the brain known as skull is to be removed first because 
this may affect the result of seed point selection algorithm. 
Skull  removal  is  a  major  phase  in  MRI  brain  imaging 
applications and it refers to the removal of the brain’s non-
cerebral tissues. Skull removal has been one of the key pre-
processing phases in brain imaging applications [5] and for 
further analysis of Magnetic Resonance Imaging (MRI) brain 
images  [9].  The  main  problem  in  skull-stripping  is  the 
segmentation of the non-cerebral and the intracranial tissues 
due to their homogeneity intensities. This is a preprocessing 
stage  for  proposed  methodology.  We  have  observed  that 
intensity  value  for  the  skull  part  is  generally  greater  than 
eighty. For removal of the skull part all pixels intensities are 
set to zero. Skull is unused part in the image for abnormality 
detection.  This  is  not  comprised  of  any  soft  tissues  so 
cancerous  cells  i.e.  tumors  are  not  present.  Skull  removal 
process avoids the chances of erroneous results in seed point 
selection.  
   
Skull 
Figure 2. Skull part in MRI 
 
 
The following algorithm is designed for skull removal: 
(a)First of all find the size of the image and store the no of 
rows and columns in separate variables. 
(b)Perform iteration for half of the columns and all rows. 
(c)Process half of image to convert white pixels into the black 
pixels by setting their gray values to zero. 
(d)  A  simple  circuit  diagram  steps  are  repeated  for  the 
remaining columns and rows. 
 
2.2 Seed point selection  
In  this  stage  texture  of  the  image  is  calculated  and  it  is 
decided which part of the brain is having deviated texture i.e. 
texture of the tumor region. For evaluation of the texture four 
parameters mean, standard deviation, entropy and variance are 
used[3].Seed  point  selection  is  the  major  outcome  of  this 
stage. 
 
 
Figure 3. Input MRI 
 
 
     
Figure 4. Segmented Image 
 
The image obtained after skull removal is taken as input in 
this part of the project. Positioning of the seed across the input 
image gives many possible sub-segmentations of the image 
having  same  texture  and  color  property  as  the  pixels  i.e. 
evaluation  parameters  the  seed.  Seed  point  selection  has  a 
vital  role  in  the  identification  of  abnormality  in  the  brain 
image i.e. segmentation is completely dependent on seed point 
selection.  The  assumption  for  this  stage  is  that  tumor  has 
grown in considerable size. For the seed point selection we 
have  strengthen  our  method  by  combining  two  approaches 
described in  the  algorithm.  For  the  texture  analysis  of  the 
Seed point 
ppoint 
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image mean of the all gray levels are taken so that presence of 
abnormality can be determined in the input image.  
2.3 Random Walk Method 
This is a region growing based image segmentation method 
based on random movement of a particle. In this method the 
initial position at which a particle is initially present is known 
as seed point. After calculation of the seed point from second 
stage this stage starts from the seed point. The region is grown 
until the result is obtained. Movement from one position to 
another  is  based  on  the  probability  calculation.  It  can  be 
explained with following mathematical expression.       
Consider a random walk on an edge weighted directed graph 
G = (V; E) with a weighting function on the set of edges w: 
Denoted by wij the nonnegative weight of the directed edge ij 
between nodes i and j. 
If ij =2 E, then wij = 0. 
Random walk may be viewed as a process of sequential vertex 
visiting. Starting at node i0, at the t step of a walk, we move 
to it, one of the   
It-1’s neighbors, with probability  
 
 
     Where N (i) = {jєV : ij є E}                                             (1)  
 
This method  is  basically  based  on  random  movement  of  a 
particle in which concept of electric circuits is used. A current 
can transmit from one position to another based on resistor 
values present in the neighbor positions so if any particle is at 
any  position  where  neighbor’s  having  very  less  difference 
compared to current position then particle will move to all 
these  positions.  The  growing  direction  can  be  diagonally, 
vertically or horizontally. The growing process is repeated till 
all the positions have been processed. Before movement to 
other positions image is converted into graph. In this work 
seed point is taken in the tumor region and region is grown till 
threshold  value  is  not  crossed.  Finally  segmented  image  is 
displayed. 
 
Figure 5 Horizontal and vertical direction growth 
   
      
 
 
 
 
      Figure 6. Diagonally growth 
3. RESULTS 
Firstly  the  MRI  data  is  taken  as  input.  The  input  data  is 
visualized in figure  7. This  input  image is preprocessed to 
remove the outer part of the brain known as skull because this 
may  affect  the  seed  point  calculation  result.  The  figure  8 
shows the result of preprocessing of actual MRI.  After the 
seed point has been detected, random walk method is to be 
performed  for  segmentation  and  then  the  final  segmented 
result is displayed in figure 9. 
 
Figure 7 Input MRI 
                               
Figure 8 After skull removal 
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Figure 9 After Random walk 
3.  CONCLUSIONS 
The  proposed  algorithm  shows  an  effective  method  for 
segmentation of the brain tumors in the 2 dimensional MRI in 
the various types of image formats like JPEG, BMP formats. 
Accuracy of result is depends on the selection of input image 
having high mean values and also size of the tumors which 
have got grown in the tissues. 
The algorithm also may have some limitations as if the size of 
the brain tumor is very small then it gets failed to detect it at 
the correct place. Also total execution time depends not on the 
size of the input image to be processed but the shape of the 
tumors also increases the total image enhancement process so 
a high execution time is required.   
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